The aim of the current study was to estimate the resumption of meiotic maturation of oocytes, preand post-implantation mortality of embryos under conditions of experimental glomerulonephritis and intravenous treatment of silver nanoparticles in mice. Experimental glomerulonephritis in mice was achieved by immunization of white laboratory mice of the first generation with a kidney antigen suspension derived from a parent. The treatment was carried out in the following way: Kidney antigen suspension -intraperitoneal three times 1 time per day; the procedure was repeated in 3 weeks, one time intraperitoneally with the same dose (10 mkL of suspension per 10 grams of body weight of the animal). Silver nanoparticles (AgNPs, 30 nm) -intravenous treatment three times: 1 time per day for 1 h before immunization of animals with suspension of kidney antigen; as well as in 3 weeks once with the same dose (2 mg/kg). Thus, the number of oocytes that resumed meiosis in vitro from animals under experimental glomerulonephritis decreased as compared to the numbers in control animals; no inhibition of meiotic resumption of oocytes of animals was established under conditions of AgNPs treatment; the AgNPs treatment under conditions of experimental glomerulonephritis increased the number of oocytes that resumed meiosis in vitro compared with such values in the control and under conditions of experimental glomerulonephritis. The value of post-implantation embryonic mortality increased under conditions of experimental glomerulonephritis; no infertility of implantation in females of mice under conditions of AgNPs treatment; the AgNPs treatment under conditions of experimental glomerulonephritis decreased post-implantation mortality of embryos.
Introduction
Nowadays, biomedical nanotechnology develops rapidly in the search for new drugs. Among them drugs based on silver nanoparticles (AgNPs) occupy the leading position. The AgNP product industry focuses on a wide range of antimicrobial activity of AgNPs, including textiles, food storage containers, antiseptic sprays, catheters and bandages. Recently, AgNPs have become significant due to their therapeutic potential, which includes their ability to perform a role of antitumor agents [1] . Despite the AgNPs promising potential in medicine, the impact of AgNPs on human health (both positive and negative) is still not fully understood.
Glomerulonephritis, of immune etiology in particular, is a serious problem for women's reproductive health. There is evidence of a significant percentage of preterm labor and perinatal fetal loss among patients with membranous glomerulonephritis and IgA-glomerulonephritis. Moreover, according to the existing data, 90% of women with membranous glomerulonephritis gave birth to healthy children [2] [3] [4] .
Studies that assess the effect of different doses and the multiplicity of the introduction of various sizes of AgNPs on reproduction of female animals gain topicality. Such studies will provide new data that will contribute to a fuller understanding of AgNPs mechanisms of action in the laboratory as well as provide a successful transition of silver nanotechnology into the clinics. Hence, the effect of AgNPs on mammalian cells and tissues requires further research. At present, in academic literature there are no data on the effect of AgNPs treatment has on meiotic maturation of oocytes and on pre-and postimplantational embryonic mortality under conditions of experimental glomerulonephritis.
The aim of the present study was to estimate resumption of meiotic maturation of oocytes, preand post-implantation mortality of embryos under conditions of experimental glomerulonephritis and intravenous treatment of silver nanoparticles in mice.
Experimental

Materials Animals
Experiments (two series) were conducted on white laboratory mice: 64 females (10 weeks, 20-22 g) and 12 males in compliance with all requirements for work with laboratory animals (International European Convention for the Protection of Vertebrate Animals, Strasbourg, 1986). After the experiments, the animals anesthetized by Nembutal were exterminated by cutting the spinal cord.
Characterization of nanoparticles
AgNPs: Size -30 nm in diameter; concentration -8 mg/mL for metal; shape -spherical; color -brown.
Reagents used for synthesis: Silver nitrate (AgNO 3 ) (BioXtra, > 99%, titration, Sigma-Aldrich); carbonate potassium (K 2 CO 3 ) (99,995% trace metals basis, Sigma-Aldrich); Tannin (ACS reagent, Sigma-Aldrich) synthesized at the Ovcharenko Institute of Biocolloidal Chemistry NAS of Ukraine in accordance with the original protocol (by chemical condensation).
Experimental glomerulonephritis in mice
Experimental glomerulonephritis in mice was achieved by immunization of white laboratory mice of the first generation with a kidney antigen suspension derived from a parent.
Animal immunization was carried out at the rate of 10 mkL of suspension per 10 g of body weight according to the following scheme: 3 times intraabdominal 1 time per day; re-immunization was carried out after 3 weeks with a single intraabdominal treatment of the same dose.
Before the start of and during the experiment, the animals were assessed by the objective status (appearance, general motor activity, need for food and water, 2 times a week, determined body weight) and the excretory kidney function (based on the number of spontaneous urinary tract disorders per day). Urine samples were determined using protein strips using a single dose of urine (diagnostic test strips for fast detection of protein, "Pharmaco", Ukraine).
Methods
The treatment was carried out in the following way:
Kidney antigen suspension -intraperitoneal three times 1 time per day; the procedure was repeated in 3 weeks, one time intraperitoneally with the same dose (10 mkL of suspension per 10 grams of body weight of the animal).
AgNPs -intravenous treatment 3 times: 1 time per day for 1 hour before immunization of animals with suspension of kidney antigen; as well as in 3 weeks once with the same dose (2 mg/kg).
First series
The effect of AgNPs on the resumption of meiotic maturation of oocytes (dissolution of the germinal vesicle) was investigated; the oocytes with atypical morphology (unevenly granulated cytoplasm and signs of fragmentation of the latter) were counted.
Groups of animals: I -control animals (n = 6), treated with physiological solution (0.3 mL); II -animals under conditions of experimental glomerulonephritis (immunized with antigenic kidney suspension) (n = 8); III -animals under conditions of experimental glomerulonephritis (immunized with an antigenic kidney suspension) were treated with silver nanoparticles (n = 8); and IV -animals under conditions of treatment with silver nanoparticles (2 mg/kg, 0.3 mL) (n = 6).
Materials for the study (ovaries) were taken under anesthetic anesthesia on the third day (after the last injection).
Second series
The effect of AgNPs on pre-and post-implantation embryo mortality was investigated.
Groups of animals: I -control animals (n = 6 (2 × 3 animals)), treated with physiological solution (0.3 mL); II -animals under conditions of experimental glomerulonephritis (immunized with antigenic kidney suspension) (n = 12 (4 × 3 animals)); III -animals under conditions of experimental glomerulonephritis (immunized with an antigenic kidney suspension) were treated with silver nanoparticles (n = 12 (4 × 3 animals)); and IV -animals under conditions of treatment of silver nanoparticles (2 mg/kg, 0.3 mL) (n = 6 (2 × 3 animals)).
One day after the last injection, males were planted to females in a ratio of 1 : 3. The experimental materials were collected (ovaries, tubes and uterus) under anesthetic anesthesia on 10/11 days after males were planted to female.
The study was completed (24/25 days after males were planted), with birth live pups in control and experimental groups of animals.
Oocytes cultivation
The oocytes were isolated mechanically from the ovaries of mice in a non-enzymatic way (without cumulus cells and in cumulus-oocyte-cell complexes) and units/one ovary were counted. Then, the oocytes from one group were collected and distributed into separate chambers, 10 ~ 20 oocytes each. All control and experimental oocytes were cultured under the same condition: A sterile box, cameras with 0.4 mL culture medium -Dulbecco's modified Eagle's medium (DME) and 15 mM 4-(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid, N-(2-Hydroxyethyl) piperazine-N′-(2-ethanesulfonic acid) (HEPES), Ca 2+ concentration of 1.71 mM, temperature 37 °C, duration 2 h. Morphological study of oocytes was performed under a microscope -Microscope XS-4120 MICROmed binocular (MBS-10) after 2 h of cultivation (% of total). The oocytes which restored the meiotic maturation (resumption meiosis) and were at metaphase I stage (germinal vesicle break-down) and oocytes with atypical morphology (unevenly granulated cytoplasm and fragmentation characteristics of the latter) were counted.
Pre-and post-implantation mortality of embryos in mice
Female control and experimental groups crossed with intact males. Counted: A -number of live embryos; B -number of seats of resorption (number of dead embryos); B -number of corpora lutea of pregnancy. Indicators of pre-and post-implantation death was calculated using the formula: 
Statistical analysis
For the statistical analysis of the results, the software package Origin 8 Pro (OriginLab Corp., North., MA, USA) and spreadsheets Microsoft ® Excel 2003 were used. Student's t-test was performed for continuous variables. P < 0.05 was considered statistically significant. The statistical analysis of the research results was conducted by using analysis of variance ANOVA followed by comparison of mean values between groups by Newman-Coles test using the statistic program-5 (program GraphPad Prism 5.0 (GraphPad Software, San Diego, USA)).
Results and Discussion
R e s u m p t i o n o f m e i o t i c m a t u r a t i o n o f oocytes under conditions of experimental glomerulonephritis and intravenous AgNPs treatment
During the experiment, the following results were obtained:
Reduction in the number of oocytes isolated from one ovary under conditions of experimental glomerulonephritis was up to 9.8 ± 1.3 units/one ovary (p < 0.05, n = 4), compared to control values of 17.3 ± 0.6 units/one ovary; no decrease in the number of such oocytes was developed under the condition of AgNPs treatment (17.4 ± 1.2 units/one ovary); and under the condition of experimental glomerulonephritis intravenous AgNPs treatment, the number of oocytes in the ovary increased to 15.0 ± 0.8 units/one ovary (p < 0.05, n = 4) as compared to the control values and under the condition of experimental systemic autoimmune disorder.
A decrease was found in the number of oocytes that resumed meiosis (Metaphase I) in vitro from animals under experimental glomerulonephritis (p < 0.05, n = 4), compared to that in animals of control group; no inhibition of meiotic resumptionof oocytes of animals was developed under the condition of AgNPs treatment; the AgNPs treatment under the condition of experimental glomerulonephritis increased the number of oocytes that resumed meiosis in vitro (p < 0.05, n = 4), compared with the values in the control group and under conditions of experimental glomerulonephritis (Table 1) .
Pre-and post-implantation mortality of embryos under conditions of experimental glomerulonephritis and intravenous AgNPs treatment
Animals of all groups were pregnant on the10 th /11 th day after males were planted to female. The data about pre-and post-implantation mortality of embryos under conditions of experimental glomerulonephritis and AgNPs treatment are presented in Table 2 .
During the experiment, the following results were gained:
An increase was found in the value of postimplantational embryonic mortality under conditions of experimental glomerulonephritis; no infertility of implantation was found in females of mice under conditions of AgNPs treatment; and AgNPs treatment under conditions of experimental glomerulonephritis decreased post-implantation mortality of embryos.
Experiments were completed on the 24/25 day after males were planted to females with a birth in the control group 6.0 ± 1.0 (n = 6) live pups, while in the group under conditions of experimental glomerulonephritis 3.0 ± 1.0 (n = 12), in the control group under conditions of AgNPs treatment 7.0 ± 1.0 (n = 12) and in the group under conditions of experimental glomerulonephritis and AgNPs treatment 5.0 ± 1.0 (n = 12) live pups.
Thus, the number of oocytes that resumed meiosis in vitro from animals under experimental glomerulonephritis decreased as compared to the numbers in control animals; no inhibition of meiotic Note: * p < 0,05, the probability of differences in the average data experimental groups (n = 8) compared with such values in the control group of animals (n = 6). # p < 0,05, the probability of differences in the average data experimental groups III (n = 8) compared with such values in the experimental group II of animals. Note: * p < 0,05, the probability of differences in the average data experimental groups (n = 12) compared with such values in the control group of animals (n = 6). # p < 0,05, the probability of differences in the average data experimental groups III (n = 8) compared with such values in the experimental group II of animals.
resumption of oocytes of animals was developed under the condition of AgNPs treatment; AgNPs treatment under the condition of experimental glomerulonephritis increased the number of oocytes that resumed meiosis in vitro, as compared to such values in the control group and under the condition of experimental glomerulonephritis. The value of post-implantational embryonic mortality increased under the condition of experimental glomerulonephritis; no infertility of implantation was found in females of mice under the condition of AgNPs treatment; AgNPs treatment under the condition of experimental glomerulonephritis decreased post-implantation mortality of embryos.
Analysis and discussion of results
Intravenous (IV) treatment (injection) of silver can still provide valuable information about processes taking place with AgNPs in vivo which has to overcome the main barriers (like skin, lungs, gastrointestinal tract) when put into circulation for clinical purposes (for example, dressing materials, intravascular medical devices for diagnosis, drug delivery systems, etc.). Since this study was not designed to simulate scenarios of human exposure to avoid the limited systemic exposure due to the existence of cellular barriers in the skin, gastrointestinal tract and lungs, in order to assess the potential systemic toxicity, we used IV treatment of AgNPs.
Since a dose of 2 mg/kg body weight in mice is equivalent to the human dose of 0.81 mg/kg body weight, a dose of about 10 (9.73) mg was applied to a person of 60 kg, according to the principles of conversion of doses animals to humans [5] . We chose the dose of 2 mg/kg body weight, since it did not exceed the doses used in previous IV studies nor caused significant side effects in animals [6] [7] [8] .
There are data about IV treatment of AgNPs [9, 10] . And silver was found in the main organs after AgNPs administration done in different ways [11] [12] .
There is also evidence of distribution of silver in tissues after oral administration in rats [12] . Citrate-coated AgNPs (size: 7.9 ± 0.95 nm by transmission electron microscopy ((TEM) diameter) were investigated on male rats. Silver in the liver, lungs and kidneys was also measured at 24 and 96 h after treatment. The highest concentration of silver regardless of its coverage and regarding all sizes of particles was found in spleen, liver, lungs, kidneys and brain 24 h after IV treatment. The largest share of silver that reached the blood was filtered by the liver and excreted through the gall. AgNPs accumulated in the liver, lungs and kidneys; the accumulated AgNPs were released into the blood stream. AgNP levels in the urine were extremely low compared to the levels in the feces. When rats were injected with AgNPs, these particles were also detected in feces at 24 h after treatment, which suggested bile secretion of AgNPs [6, 7] .
The embryo development under the condition of nanoparticle treatment is in the focus of scientists' attention. It has been established that in-vitro AgNPs of 50 mM inhibited pre-implantation development of mice embryos [13] .
There are also data showing that AgNPs do not have any effect on mice embryos [14] . It has been established that the repeated oral administration of AgNPs at ≥ 100 mg/kg/day during pregnancy causes oxidative stress in the liver tissue, but does not cause changes in the development of embryo and fetus under the condition of administration of doses up to 1000 mg/kg/day [15] . Previously, we obtained data that rates of embryonic mortality had not changed under the condition of a ten-time treatment of AgNPs (2 mg/ kg and 4 mg/kg) [16] . In this work, an increase in the value of post-implantational embryonic mortality was registered under the condition of experimental glomerulonephritis; no infertility of implantation was found in females of mice under the condition of AgNPs treatment; AgNPs treatment under the condition of experimental glomerulonephritis decreased the postimplantation mortality of embryos.
In literature, there are data about the impact of nanoparticles on oocytes [17] [18] [19] . There have been published data about the effect of nanoparticles of gold, silver and gold-silver alloy, which were covered with bovine serum albumin (BSA) on in-vitro cumulus-oocytes-cell-complexes of pigs [19] . Meiotic maturation of oocytes was assessed after 46 h of cultivation in vitro in the presence of different types of nanoparticles. The maturity of the oocytes in this case was determined as the percentage of oocytes with the formed first polar body in 350 oocytes per group. The concentration of nanoparticles was 10 mg/mL, and all particles were conjugated to BSA [18] .
Previously, we showed that a ten-time AgNPs treatment (2 mg/kg and 4 mg/kg) resulted in inhibition of oocytes meiotic maturation in mice; a single-and five-time AgNPs treatment (2 mg/kg and 4 mg/kg) increased the number of apoptotic cells, while the ten-time AgNPs treatment resulted in an increase of the apoptotic and necrotic follicular cells surrounding oocytes [16] . Influence of the tretment of AgNPs (30 nm, 2 mg/kg) was estimated on the DNA of the nuclei of thymus cells, lymph nodes cells and cells of follicular environment of the oocyte under the condition of experimental systemic autoimmune disorder (glomerulonephritis) in mice. Experimental systemic autoimmune disorder (glomerulonephritis) in mice was achieved by immunization of white laboratory mice of the first generation with a kidney antigen suspension derived from a parent. And it was established that DNA damage increased in the nuclei of thymus cells, lymph nodes and cells of follicular environment of the oocyte under experimental glomerulonephritis; the damage on DNA of cells of the thymus and lymph nodes increased under the condition of AgNPs tretment; DNA damage in nuclei of thymus cells, lymph nodes and cells of follicular environment of the oocyte decreased under conditions of experimental glomerulonephritis and tretment of AgNPs [20] .
In this work, it was established that the number of oocytes that resumed meiosis (Metaphase I) in vitro from animals under experimental glomerulonephritis was smaller than that in control animals; no inhibition of meiotic resumption of oocytes of animals was established under the condition of AgNPs treatment; the AgNPs treatment under the condition of experimental glomerulonephritis increased the number of oocytes that resumed meiosis in vitro as compared to such values in the control group and under the condition of experimental glomerulonephritis.
Probably, the differential toxicity of nanosilver may be connected with different coatings that are often applied to the AgNPs surface to achieve a stabilizing effect [21] . In addition, all the characteristics of nanoparticles need to be considered, including size, shape, crystalline structure, aggregation, chemical composition, surface properties (surface charge, surface area), solubility and porosity. Further studies are needed for the elucidation of mechanisms of AgNPs influence on germ and somatic cells administering AgNPs of different sizes and coatings.
Despite the fact that the toxicity appears to be caused by oxidation and inflammation [22] , it is still not entirely clear what is responsible for the toxic effects of silver: whether this is the form of nanoparticles [23] , or whether this is silver ions alone during oxidation of the metal [24] . There is evidence that AgNPs influence the induction of oxidative damage, change the regulation of enzymes, which are responsible for removing free radicals, change regulation of genes expression, which are involved in apoptosis and dis-regulation of cellular structures involved in storage, detoxification and metabolism of metals in various organs [25, 26] . Silver ions are equally toxic as both metal particles containing 80% silver and as pure AgNPs, indicating that at least their toxic potential is similar [18] . Silver after an intravenous administration is registered in the kidneys of experimental animals [6, 7, 27] . And at present, we had only one assumption that may be due to the specific action of nanosilver on the immune system, but at the moment there is no evidence of this; further research is needed to clarify the effects of nanosilver on immune cells.Together with the data we received, for the future raises identifying possible structures, cells, organelles of the kidney as targets for nanosilver, and the mechanisms responsible for the fact that AgNPs treatment under conditions of experimental glomerulonephritis improves reproductive function in female animals.
Conclusions
In mice females, the AgNPs treatment under conditions of experimental glomerulonephritis increased the number of oocytes that resumed meiosis in vitro and decreased post-implantation mortality of embryos. The given data are also one more proof to support the hypothesis that the AgNPs toxicity is primarily linked to Ag + bioavailability. It is important to stress that our data suggest that oocytes in mammals have the potential for the deployment of compensatory mechanisms of action under conditions of Ag + administration at doses lower than those causing obvious toxicity.
exists.
